Introduction
Ratings of perceived exertion (RPE) provide both an index for estimating the relative magnitude of effort put forth in an activity, as well as being a self-administered monitoring technique to produce a desired intensity level while performing an activity (2, 7, 13, 14, 18) . The use of RPE in the former context is considered an "estimation" technique or procedure, whereas using RPE in the latter manner is labeled a "production" technique or procedure. Although the estimation procedure has been researched and utilized more extensively than the production technique (2, 10) , the production technique is potentially more applicable as a tool for exercise prescription (7, 13, 14, 18) . In those exercise programs where the goal is the improvement of cardiorespiratory fitness as measured by maximal oxygen consumption (V · O2max), exercise intensity is generally prescribed by % V · O 2max or, more recently, % V · O2reserve, heart rate (% HRmax or % HRreserve), MET levels, or RPE by
Borg's 6-20 scale (1, 17) . Evidence to support the use of RPE is, at least in part, based on a small number of studies that often concentrated on determining whether participants could reproduce a workload or exercise intensity that replicated estimation trial heart rates, oxygen consumption, velocity/power outputs, or a combination of these variables (7, 10, 13, 17) . These studies generally supported the use of the RPE scale in exercise prescription, but also uncovered limitations or hindrances in the use of heart rate for exercise prescription owing to the measurement difficulties for obtaining accurate values without the expense of heart rate monitors (7) . At the same time, the importance of lactate responses to exercise, as opposed to V · O2max, in predicting endurance performance and as a marker for exercise prescription was becoming evident (17) .
More importantly for the current study, a strong link was established between the lactate threshold (LT) and/or blood lactate concentration(s) (BLC) and RPE. This link was shown to hold true regardless of exercise modality (4), gender (6), training status/adaptations (6, 12), or exercise duration for single bouts of exercise up to 30 min (14, 18) . Once research demonstrated this connection between BLC and RPE, the use of RPE as a potential tool for producing target BLC gained attention. Ceci and Hassmen (5) found that active males, when working at fixed RPE levels of 11, 13, and 15, were able to produce BLC similar to those measured during an estimation trial. Stoudemire et al. (15) reported that the RPE levels observed during an incremental treadmill running protocol could be used by healthy and active males and females to produce target BLC during a 30-min run at a constant RPE.
Since an individual exerciser may wish to vary the intensity of exercise within a given workout-for example, progressing from a warm-up phase to a near maximal effort or using interval or fartlek training-knowing whether it is possible to vary intensity using RPE is important. Based on this assumption, the current study aimed to determine whether participants could replicate blood lactate levels achieved during a 3-min stage incremental treadmill test at pre-selected RPE values (11, 14, and 16) for 10 min each during a continuous 30-min exercise session.
Methods

Participants
Four male and 8 female volunteers participated in the study. All were healthy and recreationally active. Mean (±SD) age, height, weight, resting HR, resting BLC, and V · O2peak were 26.5 ± 3.7 years, 168.9 ± 8.3 cm, 68.2 ± 14.1 kg, 61.9 b · min -1 , 1.34 ± 0.44 mM, and 50.52 ± 4.67 ml · kg -1 · min -1 , respectively. After being informed of the nature of the experiment, all participants completed a written consent form approved by the university's Institutional Review Board for Use of Human Subjects.
All participants were trained on the use of RPE through supervised lab exercises prior to collecting data for this study.
Design
The study used a psycho-physiological estimation-production paradigm. All participants completed an estimation trial, a practice run, and a production trial. The estimation trial provided the data needed to determine the relationship between BLC and RPE for each individual subject, and this data was then used to evaluate how well the subjects could reproduce target intensities represented by specific RPE levels. The estimation trial began with a 5-min warm-up of treadmill walking at 94 m · min -1 , 0% grade. The warm-up was followed by 3-min level running stages with starting speed individually pre-determined (based on prior tests) to achieve = 4.0 mM BLC in the 4th stage in increments of 13 m · min -1 . The level running stages were followed by 3-min graded running stages with speed maintained at = 4.0 mM BLC velocity and grade increased in increments of 2.5%. The trial terminated with participant's expressed volitional fatigue. Heart rate and V · O2 were monitored continuously throughout the test. RPE, BLC, velocity, and grade were recorded at the end of each stage. Data from the estimation trial were used to determine BLC and velocity or velocity + grade corresponding to an RPE of 11, 14, and 16 identified by the participant during the trial. Within 2 weeks of the estimation trial, participants returned to the laboratory for a 30-min practice trial. The practice trial consisted of a 30-min continuous run divided into three 10-min stages that were based on the participant's velocity or velocity plus grade corresponding to RPE 11, 14, and 16 from the estimation trial. No physiological variables were monitored during the practice trial. Following the practice trial, participants returned to the laboratory a final time for their production trial. The production trial began with a 5-min treadmill self-selected walking warm-up, and then the participant instructed the experimenter to change speed or speed and grade to a perceived exertion level of 11, 14, and 16. The participant was blinded to their actual speed and grade (if > 0%) and to the physiological variables being monitored by having all equipment controls, displays, and data sheets masked from their view. Each perceived exertion level was maintained for 10 min. Within each 10-min stage, participants were permitted to adjust speed or grade up or down using predetermined hand signals to maintain the intended perceived exertion. HR and V · O2 were monitored continuously. Velocity, grade, and BLC were recorded at minutes 3 and 8 of each 10-min stage.
Equipment
All trials were run on a Quinton Q-65 Treadmill (Seattle, WA). Gas analysis was performed using a Quinton Q-Plex O 2 -CO 2 Gas Analysis System with Hans Rudolf two-way non-rebreathing valves (Model 2700, Kansas City, MO). Calibration was completed prior to each test session using one calibration gas tank containing 10.00 ± 0.03% O 2 and the balance N 2 , a second gas tank containing 25.00 ± 0.03% O 2 and the balance N 2 , and a 3-L volume syringe. Heart rates were monitored using the Polar Vantage XL Heart Rate Monitor (Finland) watch and transmission strap, and heart rates were recorded every 60 s with the readings masked from the participant throughout the tests to insure that they did not use heart rate to help them perceive or set their intensity level. Ratings of Perceived Exertion were measured using Borg's 6-20 RPE scale (2) . All participants were previously trained and familiar with using the RPE from prior lab testing but were reminded of the appropriate use of the scale.
Finger prick blood lactate samples were analyzed using the YSI 1500 Sport Analyzer with model 1202 tube injector and 25 micrometer capillary tubes (Yellow Springs Instruments, Yellow Springs, OH). Blood samples were handled in accordance with the standards established by the Center for Disease Control. Height was measured using a SECA stadiometer (model 220, Germany) and weight was measured using a certified Detecto scale (model 442, Webb City, MO).
Data Reduction and Statistical Analysis
The data from the estimation and production trials were analyzed using paired t tests with a = 0.05, and correlations and coefficients of determination, using Statistical Package for the Social Sciences (SPSS) v. 10.0 (SPSS Inc., Chicago, IL) statistical software. The data were reduced and further analyzed using Microsoft Excel (Microsoft Corp., Seattle, WA).
Results
The mean (±SD) data for HR, V · O 2 , BLC, and velocity at RPE of 11, 14, and 16 for the estimation and production trials are shown in Table 1 . The only statistically significant difference found was in velocity at RPE 16 between the estimation and production trials (p < .05). When r 2 was considered, HR was the only variable for which 50% or more of the variability was shared between the production and estimation trial values.
In order to be beneficial for exercise prescription, a technique must be useful on an individual, not a mean, basis. Therefore, each participant's ability to selfregulate BLC by RPE was analyzed. This analysis revealed considerable intraindividual and inter-individual variation as shown in Figure 1 . The BLC differences ranged from -1.01 to 3.40 mM at RPE 11, -2.45 to 3.08 mM at RPE 14, and -4.21 to 2.73 mM at RPE 16. Given that the highest target BLC was approximately 4.0 mM at RPE 16, these differences are large. Overall, 8 out of 12 participants differed between estimation and production trials by more than 20% at RPE 11, and 9 of 12 participants differed by more than 20% at RPE 14. At RPE 16, only 4 out of 12 participants' BLC differed by more than 20%; however, at RPE 16 the velocity in the production trial was significantly lower than in the estimation trial (196.2 m · min -1 and 177.73 m · min -1 ), which may confound this result.
Discussion
The use of the RPE scale as a means to set exercise intensity has shown a progression in the research from first attempting to understand the relationships between RPE and BLC in estimation trials (4, 6, 12, 14, 18) to using RPE as a tool to achieve target intensities in production trials (5, 15) . Research by Weltman and colleagues (17) focused on the relationship between BLC and RPE. They conducted a series of studies that consistently showed that an RPE of 11-12 is reflective of the lactate threshold (LT), an RPE of 14 reflects a BLC of 2.0 mM, and an RPE of 16-17 reflects a BLC of 4.0 mM. The estimation protocol of the current study was designed with the assumption that these relationships would also occur in the current pool of participants. As can be seen from The intent of the current study, however, was not to validate previous research establishing relationships between the RPE scale and specific BLC, heart rates, and/ or V · O 2 levels. Rather, the focus was to determine whether perceptually regulated exercise intensity could reproduce previously attained BLC. Little research has been conducted on the use of the RPE scale as a means of reproducing exercise intensities based on target blood lactate concentrations. Ceci and Hassmen (5) found that active males were able to produce BLC values similar to BLC values measured in an estimation trial at RPE of 11, 13, and 15, but surprisingly participants were more accurate in such production at the two lower RPE during track running than treadmill running. Stoudemire et al. (15) determined that RPE reported by recreationally active males and females during a 3-min incremental treadmill run could be used to produce target BLC of 2.5 and 4.0 mM during separate 30-min treadmill runs. Weltman et al. (18) found the RPE scale to be appropriate when prescribing exercise to produce predetermined BLC during a single bout of exercise with moderately trained males but urged caution when using the scale to reproduce BLC during repeated bouts of exercise on the same day, as RPE should change concomitantly to BLC. The current study sought to further the association between RPE and BLC by varying the workload during a continuous exercise bout. As can be seen in Table 1 and Figure 2 , no significant differences were found in BLC between the estimation and production trials, suggesting that the RPE scale could be used as a tool for exercise prescription. A contributing factor in the ability of the participants to reproduce previously determined BLC is the external workload. No significant differences were found between the physiological responses of the estimation and production trials. This was evidenced by the attainment of similar heart rates (Table 1 and Figure 3 ) and V · O 2 levels (Table 1 and Figure 4) . In the present study, the participants were able to reproduce external velocities at RPE of 11 and 14, but not at 16 (Table 1) . Smutok, Skrinar, and Pandolf (13) found that their participants, when instructed to work at pre-established RPE values, were able to accurately reproduce treadmill velocities obtained during a GXT. Dunbar et al. (7) found the RPE scale to be a valid means of regulating and reproducing V · O 2 levels of 50 and 70% V · O 2max previously attained during a GXT. When using heart rate as the physiological marker, however, Dunbar et al. (7) and Nobel (10) found the RPE scale to be more useful as an estimation tool rather than a production tool. Previous researchers (5, 17, and 18) had established the validity of the use of the RPE scale as a means to regulate BLC during exercise sessions under specific conditions. The current study was unique, however, in that it investigated whether participants could vary exercise intensity to correspond to several different target RPE levels during a continuous, 30-min exercise bout. The target RPE levels were chosen in an attempt to imitate a typical exercise session of a recreational and/or competitive exerciser, with an RPE of 11 being equivalent to a warm-up, an RPE of 14 being equivalent to running on level terrain, and an RPE of 16 being equivalent to hill running, running with wind resistance, fartlek training, and/or simply a higher intensity.
Whaley et al. (19) found similar variability when investigating the relationship between RPE and HR. Although these researchers and others (14, 19, 20) focused on the inter-individual variability of RPE values rather than on a physiological variable like HR or BLC, the same issue exists. A consistent relationship across all participants between RPE and a physiological measure did not exist.
The misapplication or lack of proper familiarization in using the RPE scale has been speculated to be a potential reason for inter-subject variability (19) . In the context of the current study, however, the participants were very well instructed and familiar with the use of the RPE scale. In addition to the familiarization undertaken as part of the study, all participants had been using the RPE scale in prior laboratory exercises as students.
Foxdal, Sjodin, and Sjodinl (8) found that the stage duration of the GXT used might factor into a participant's ability to reproduce a target value if the production trial used stages of a different duration than the estimation trial. The current study used 3-min stages for the GXT estimation trial and 10-min stages for the production trial. However, when BLC values from the GXT are compared to the first BLC reading taken at minute 3 of the production trial, the inter-subject variability is even greater than when looking at the BLC taken at minute 8. Therefore, the difference in stage duration does not explain the variability noted in the current study.
Participants were allowed to maintain intensity using a combination of speed and grade but, in the estimation trial, the grade did not increase until participants reached an RPE of 16 or greater. In the production trial, over half the participants were using grade to achieve the target intensity within the RPE 14 10-min stage, and 4 participants continued using grade in the RPE 16 10-min stage to maintain their target intensity. At lower intensity levels (BLC = 2.00 mM), Kolkhorst, Mittelstadt, and Dolgener (9) found running at 0% grade resulted in a higher RPE than uphill running. In the present study, only 1 participant used grade at this level. No pattern was evident between the use of grade and BLC variability at any intensity in the current study, and we would therefore conclude that the use of grade to maintain intensity does not explain the participant variability.
Recommendations from the American College of Sports Medicine for target RPE values during exercise (1) are based in part on the assumption that an RPE of 11-12 reflects LT, an RPE of 14 reflects a BLC of 2.0 mM, and an RPE of 16-17 reflects a BLC of 4.0 mM (1). However, these recommendations are primarily intended for cardiovascular-respiratory exercise prescription. The use of specific levels of BLC is more likely to be a concern for individuals wishing to improve performance since, for these individuals, knowing when they are close to specific BLC is important. Individual results may be improved if additional time is spent on practice trials.
Conclusions
The results from the present study suggest that additional research is needed on the variation in BLC reproducibility among participants. Although there were no statistically significant differences between the means from the estimation and production trial for BLC, the coefficients of determination between the trials were weak to moderate. An explanation of this variability in the present study could not be determined based on the known variables relevant to the participants, due to lack of familiarity with applying RPE, because of differences in stage duration between estimation and production trials, or due to the use of grade to set intensity. As a result of this unexplainable variability, applying the findings from the present study to the general population as a valid tool for exercise prescription is premature.
Since participants only received one practice session prior to their production trial, further research on the impact that additional practice trials, which allow the participant to internalize how the intensity feels, might assist in reducing the variability. In addition, the CR-10 perceived exertion scale may be determined to be appropriate in this situation, because this scale is designed to better correspond to the positive accelerating pattern that BLC exhibits as exercise intensity increases (3) . Future research should use and evaluate both scales to determine the full potential of ratings of perceived exertion in the prescription of exercise, where BLC is the desired physiological response.
